In vivo effect of asparagine in the hydrophobic region of the signal sequence.
On the basis of the biophysical studies on the synthetic mutant (Ile-8----Asn) OmpA signal peptide in the preceding paper (Hoyt, D. C., and Gierasch, L.M. (1991) J. Biol. Chem. 266, 14406-14412), the in vivo effects of the same mutation were examined by fusing the mutant OmpA signal sequence to Staphylococcus aureus nuclease or TEM beta-lactamase. The mutation in which the isoleucine residue at position 8 of the OmpA signal sequence of Escherichia coli was replaced with a neutral polar residue, asparagine, resulted in a defective signal peptide. The mutant signal sequence was unable to be processed, and the precursor molecule accumulated in the cytoplasmic as well as in the membrane fractions, indicating that the Ile-8----Asn OmpA signal sequence is not competent for translocating nuclease A or beta-lactamase across the membrane. This result is consistent with the in vitro studies on the Ile-8----Asn OmpA signal peptide, which indicated that the mutant signal peptide was unable to penetrate into the hydrophobic core of the lipid bilayer. Other asparagine or glutamine substitution mutations in the hydrophobic region of the OmpA signal sequence were also examined. Interestingly, the OmpA signal sequence with either Ile-8----Gln, Val-10----Asn, or Leu-12----Asn mutation was completely defective as the Ile-8----Asn OmpA signal sequence, while the Ile-6----Asn and Ala-9----Asn OmpA nucleases were able to be processed to secrete nuclease, although the processing occurred at a much slower rate than the wild-type OmpA nuclease. These results indicate that the defects depend on the position of the lesion in the hydrophobic core of the OmpA signal sequence.